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SUMMARY

A statisticalsurveymd a preliminaryanalysisaremadeof icing
datacollectedfromscheduledflightsovertheUnitedStatesandCanada
fromNovember1951toJune1952”byairlineaircrsfteqtippedwithNACA
pressure-typeicing-ratemeters.Thisinterimre~ortpresentsinformation
obtainedfroma continuingprogrsmsponsoredby theNACAwiththecooper-
ationoftheairlines.

b An analysisof over600icingencountersloggedby threeairld.nes
?t operatingin theUnitedStates,oneoperatingin Canadaandoneoperat-

ingup thecoasttoAlaskz+ispresented.Theicingconditionsen-
% counteredprovidedrelativefrequenciesofmanyicing-cloudvariables,

suchashorizontalextent,verticalthickness,temperatures,icing
rate,liquid-watercontent,andtotaliceaccumulation.

Liquid-watercontentswerehigherthandatafromesrlierresearch
flightsinlayer-twecloudsbutslightlylowerthanpreviousdatafrom
CUIINlhlSclouds.Broken-cloudconditions,indicatedby intermittenticing,
accountedfornesrlyone-halfof alltheicingencounters.About90per-
centoftheencountersdidnotexceeda distanceof 120miles,andcon-
tinuousicingdidnotexceed50”milesfor9CIpercentof theunbroken
conditions.Icingcloudthiclmessesmeasur”edduringcliu.ibssnddescents
werelessthsm4500feetfor90percentof theverticalcloudtraverses.

INTROIXJCTION
,

MeteorologicaldataobtainedfromNACAicingresearchflightsin
supercooledcloudshaveprovidedinformationforthedesignofpresent
ice-protectionsystems(ref.1).& Thesedatawerereceivedfroma rela-
tivelysmallnuniberofflightswithintheUnitedStates.As a resultof

< specializedflightplsmninginvolvingselectedweatherconditions,flight
v paths,ad cruisingaltitudes,theinformationprovidedmaynothavebeen

‘representativeof conditionsencounteredby aircrafto,nroutineschedules
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followingconventionalflightprocedures..Additibnalknowledgeofthe
=

icingproblemincludingtheextent,frequency,S@ se-verityoficingcon-” * -.

ditionsexperiencedby scheduledairlinesoverwotld-fiideairroutes?.s
——

requiredby aircraftdesignersandby aircrsftop&afbrsinprescribing~ -‘“ ~
flightcontrolprocedures. t +. ,.1 ,----. ,..— -=

Aprogrsmto Obtainthesemoreextensiveici&-~ouddatais.bei~
.*

al
conductedby theNACALewislaboratoryin coopers-io~withseveralmajor. airlinesandtheUnitedStatesAirForce.Sever,@es of aircraftccre ‘zequip~edwithNACApressure-typeicing-ratemeter~ s~cificallydeveloped”~ ~
formeasuringicingencounteredduringscheduledoperations.Aprelirni-
nsryreporthasbeenissued(ref.2)whichifescri~edthe’initialphaseof” “- “
thisprogrsmoveronlyonetranscontinentalairrouteintheUnitedStates._
fromJanuarythroughMay,1951.Theprogramlaterwa%’eqandedto”cover“’
manydomesticandoverseasairroutesandoff-ainhay‘areas.

.-
—. .

Thisinterimreportpresentsaprelimi.nsry~alysis’ofdatacollected
by threeairlines(United,Eastern,andNortheast),oP~atiu intheUnited
StatesfromNovetier1951toJune1952.Datafor;the”sameperiod”have
alsobeenincludedfromTrans-CsaadaAir”Li”riesoperatingacrosssouthern

.,

CanadaandfromPsnAmericaWorldAirwaysflyinglthe~=actiiccoastroute:._
.-

toAlaska.A limitednumberofaircraftfromea~ aii~inewereequipped
withtheicing-ratemeterswhichrecordedcontinuous@ues ofaltitude,
airspeed,andicingrateduringicingconM&ions.IM& ofthedatawas
limitedtofilmrecordsonly.The,cooperationofthe=drlinesiriob--
tainingthesedatais gratefullyac~owledg~d. ! .=’ . ‘:,

A detailedstudyofthefrequencyof
tototaltimeoverthevariousrouteswas
flightttiesoftheinstrumentedaircraft
offlightlogswillbemadelatertofind
atvariousaltitudes.

APPARATUSAND

Icing-Rate

Theiciw-ratemeterinstalledon

icingcondit~onswithrespec~
notpossible-bec”ausethe,total
wereunkhom”gAn ins~ection
thefl@t timeonairwaykand— ..,.1 ,=

,- “~ -.—
-F

,L -..
; ,—— –m :+:

..—.——;-. =

,,.-

Meter : “=

thetirline~aircraftwasa preskure-
actuatingtyp;developedby theNACALetislaboratbv”specific-for
collectingstatisticalicingdata.Themeter(des@ibedinref.3) con-
sistsof threeunits,theice-sensi%probe)thef lmrecorder~~ the ii

., controlunit(fig.1). f-
,,.:..,,-- 1—

4
Theprincipleof operationof themeterisexplainedinfigure2,

whichshowsan ice-sensingprobeofO.1-inchdiame$er.containingsmall x
total-pressureholesmountedintheairstreamsnd~on@ctedto,adiffer-

“entialpressureswitch.!I!hetotalpressurefromtpeprobeisbalancedr_ <___
againstanice-freetotal-pressuresystem(thecon~entionalpitotpressure”’““”‘~
systemintheaircraft).Whentheholesintheic&sensingprobestarttu
plugas icebuildsup ontheprobe,thepressureinth%probesideofthe .__.-~.

1 -—



NACARM E55F28a 3

pressureswitchdecreases.Thisis accomplishedby allowingtheairin
thesystemtoflowoutthrougha smallortiiceconnectedto a static-
pressuresource.At a givenvalueof differentialpressure,theswitch
eQergizesan electricheatertiichde-icestheice-pluggedholes,thereby
restoringthepressurebalsnce.’Thetimerequiredto actuatetheswi.tch,
ortheheat-offperiodofthiscyclicprocess,is inverselyrelatedto
therateof iceaccumulationontheprobeandis usedasa measureof the
icingrate. Thecalibrationof theice-sensingprobeforrateof ice
accretionininchesp= houris discussedin theappendix.

RecordingofData

Icingrate,indicatedairspeed,andpressurealtitudewererecorded
onphotographicfilmmntainedina replaceabledrum. Thefilmrecorder
startedautomaticallyatthebeginningof eachicingconditionandshut
offautomatically15minutesaftertheendot icingforeachencoun{er.
The15-minuterecordaftericinghadterminatedprovidedapproximatelya
minimumof50-milesseparationbetweenictigperiodswhenicingclouds
wereencounteredmorethenonceduringthessmeflight.

A specialdatasheetrequestingsupplementalinformationfromthe
flightcrewswas suppliedby theNACAto correlatewiththerecordeddata.
Thedatasheet(showninfig.3) includessuchitemsastime,date,loca-
tion,andeffectsonaircraftperformance.

A typicalfilmrecordof icingencounteredduringa routineairline
flightis showninfigure4. Airspeedandaltitudeem=recordedas con-
tinuoustraces,andtheicing-rate indicationssreshownasbrokenhori-
zontallinesatthebottomofthefilmvaryinginlengthaccordingto the
durationof theheat-offp=iod. Thelengthofeachbrokenlineis con-
vertedto timeandthento icingrateby usingtheicing-resesrch-tunnel
calibrationdiscussedintheappendix.Correlationof thefilmdatawith
theflightcrewobservationswhenavailableprovideddetailedinformation
foreachicingencounter.

InstallationonAircrtit

Theicing-ratemeterswereinstalledonfivedifferenttypesof air-
craft(M-3,IX-4,Convair240,Constellation,andNorthStar).A typical
installationoftheice-sensingprobemountedona DC-4is showninfig-
ure5. Theinstallationswereusuallyon ornesrthetopof thefuselage
andasfarforwardaspossible.Flighttestson eachtypeaircraftwere
madeto determinewhethertheair-flowcharacteristicsandtotalpressure
attheprobelocationswerethesaneasthosemeasuredby theconventional
pitottube.
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Thefilmrecorderwasmountedintheaircraftat-aconvenientloca-,
tionforreplacingthefilmdrums.Theairspeed

P
d altttudeC&tpSUMf3 ,.

intherecorderwereconnectedto theconventionstotal-andstatic-
pressuresystemsintheaircrsft.Theindicating~lig%tsonthecontrol
unit,or in somecaseson a separatepanelinthelcoclkpit,alertedthe

iflightcrewtorecordtheinformationonthesuppementaldatasheetwhen
1An-indicationof thethefilmrecorderoperatedin anicingcondition.,

rateof icingontheice-sensingprobewassuppli$dt~thecrewby a
flashinglightparalleledwiththecyclicde-icingsystemoftheprobe.,.

An icing
mittenticing
odswithinan

encounterwas
whereperiods

.i

&.-

t-

ANALYSISOFDATA

definedasa period
ofnonicingdidnot

m

.—--
0+ continuousor inter-‘“
edceei!-15minutes.Peri-’

icingencounterduringwhichiceacc!umujationwascontin-
uous,as indicatedby at leastoneoperatingcycleof-the.meterduri~
a l-minuteperiod,aredefinedinthisanalysisadicingincidents.
Separatingperiodsof continuousicingfrom..periodsofnonicinggavea
limitedestimateofthediscontinuousnatureoft~e.icingclauds. —

Individualicingencounterswereseparatedon,th~filmby simul- _ j
taneousbreaksinallthecontinuoustraces.Eac~encounterwasthen
associatedwiththecorrespondingentriesonthedatasheet.‘Iheenco.un-- x ~
terwasmarkedoffonthefilmin l-minuteinterva~s,.@ theict~-rate, : ~
altitude,andairspeedtraceswereeachaveraged~d computedasonevalue
foreachl-minuteperiod.

F.:
Thepressurealt+tmdewas@easuredto an “-.. .- .

accuracyoffiOOfeetusingNACAstandardatrnosphe~e.:Sincethefndic-ateq
airspeedfluctuatedconsiderably>particularlyin

r
easof t~bulence,

theaversgevalueswerecalculatedwithinaboutk3 miresperhour.

Thesimultaneousmeasurementsofaltitudesnd!rgt~of icingon the ,..
;

filmmadepossiblean snal.ysisoftheverticalextkt orthicknessof
icing-cloudlayersencounteredduringclimbingandde~ending.These

::”

cloud-thicknessmeasurementsmaynotin somecasesbe fullycorrectbe- ~~“- - 1
causeof theimpossibilityof determiningfromtbe~rec~rdswhetherthe
aircrafttraversedthefullextentofthelayer.$’heaircr~tmayhave .--”
enteredor emergedfromthecloudat somepointbe~we&thetopandbottom.

,.

Also,errorsmaybe causedin somecasesby longhoriz~-ntaldistaiices , ~
resultingfromslowratesof clinibordescent.Al~o,% manycasesthe ,,
verticalextentofmultiplelayersmay nothavebe~nc~mpletelysur.
veyedbecausecruisingaltitudesareoftena“6signe$betweencloud
layers. a.. ,;. .:“... ..

Themeasurementsof icingrateandairspeedw~re~sedto calculate,‘“ ~
valuesof liquid-watercontentoftheicingclouds~Q thisreport
liquid-watercontentw ingxsmspercubicmeter~ascomputedfromthe ;-..~-:
relation ,,.,.-

._
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W = I-5.8 (R/V)(p/E)

5

u

where

R icingrate,in./hr

v trueairspeed,mph

04 P densityofice
g E collectionefficiencyof sensingprobe

Boththedensityof ice p ontheprobeandthedropletcollectioneffi-
ciencyE oftheprobewereassumedconstantwith p/E asunityforall
conditions.Somesimultaneousmeasurementsof liquid-watercontentusing
theicing-ratemeterandrotatingmulticylindershavebeenmsdeduring
icingresesrchflights.Thislimitedcomparisonshowedthatthemeter
measurementsaregenerallyhigherthanthosefromthecylinders>particu-
larlyinconditionswhereliquid-watercontentfluctuatedconsiderably
andproducedhighpeakvalues.Thetwomethods@greedWithin10percent
in icingconditionsthatproduceda steadyrateof icingwithwatercon-
tentsunder0.5g/cum. Collectionefficiencyvariationsresultingfrom
changesin dropletsizesndlimitedaccuracyoftheicing-ratemeasure-* mentsprobablycontributetothelimitedagreementof thetwomeasuring
methods.

u
Droplet-sizedatawerenotobtainedinthisprogrambecauseof

measurementdifficulties,therebypreventinga completeevaluationof the
severityoftheicingencounters.Theprobableseverityof theicing
conditionscanbe estimatedhowever,by relatingtheextentoftheicing
encounters,theliquid-watercontent,andthetemperaturedatawhichare
measuredinthissurveytopreviousicingmeasurementswhichincluded
dropletsizes.Thefrequencydistributionofdr”opletsizeshavebeen
obtainedby instrumentedresearchflightsby theNACAandotheragencies
andarereportedinreference4.

RESULTSANDDISCUSSION

Theapproximately600icingencountersanalyzedinthisreportwere
loggedduringtheperiodfromNovember1951throughJune1952. These
encountersgavealmost10timestheamountof datareportedinthepre-
liminarysurveyofreference2 becauseof thegreatersmountofflQng
timeaccumulatedduringthelatterperiod.Thedatasreassembledand

“ summarizedintablesI andII. TableI containsallicing-ratefieter
measurementswhichcouldbe associatedwiththecorrespondingflightcrew
observations.TableII8 couldnotbe associated

containsallicing-ratemeter
withflightcrewobservations

measurements’which
eitherbecauseof
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questionablecorrelationof theindividualicing:enc&ntersortheab- ,“
senceof anyflightobservationswhentherneters!wer-~operating.Flight, s-
crewobservationswhichcouldnotbe correlateddith~=anyicing-ratemeter

—

recordswereincludedin analysesof thefrequen~yoroccurrenceof ici~
withrespectto altitudesendicing-cloudtemperatures. .-..=

Becauseofthemannerinwhichthedatawer{co~ected,theicing ~ “
datapresentedhereinshouldnotbe usedto evaluiatethefullraQgeof
meteorologicalvariablesthatmaybe associatedwith-icingclouds.The s
airlineaircraftcollectingthedatafollowedco~n~ionalflightpro- X
ceduresestablishedtoreducethepotentialhazarido~.icingencounters.
Knownicingconditionswereprobablyavoidedwher,everpossible.If i~~ng_ ;
wasencounteredwhichwasconsideredhazardouso~ in-&ywayhamperedthe
conductoftheflight,airwayclearanceswereobtlainedjifpossible,to
climbor descendoutoftheicingcondition.As~?r~sultjsuchconditio& ~-
wouldnotbe fullysurveyedsincethemaximumhorizo~talextent~uld uot
be knownandpossiblythemaximumseveritywould!nothe encountered.~In

:,

somecases,however,severeconditionscannotbe bvo~edbecauseoftraf~--
ficrestrictionsoraltitudelimitations.Theochur~enceo< suchcircum-
stancesisundoubtedlyveryinfrequent;therefore)thefullextentand
severitythatmayexistin icingconditionswill~robablynot-bemeasured:
duringscheduledairlineoperationsuntila lsrge~”smo~tofdataisas-
sembled.Thesmountof informationpresentedher~inisprobablysuffi-
cienttogiverepresentativeicingvaluesforair+ineoperationovermany &-
of thesreascovered.

. .
.

Thenuuibersmdtypesof instrumentedaircrafiwiththecorrespo~i~ ._-a
numberof iciu encountersoverthevariousairrbute~srelistedinthe
followingtabl~.Althoughfivetypesofairlineair~aftwereinstru-
mented,mostofthemeterswereinstalledontype+wh~chlimiteda“pre-
dominentpartofthedatatorelativelylowaltitudes.

United 6

Eastern I 1
Northeast I 2

Trans-Canada 1

I
PanAmerican 1

Totals t~

I

Typeof Rout~scovered
aircrsft -.,.

%:

DC-4 Trans&ontZnental
andP+ciffc
CoastlU.S1

constellationEast~nU>.
749 .-

DC-3snd Northast?U.S.
Convair240 7 —

1-
NorthStsx Trans+ont~nental
(M-4) (:o:~ :

1.
DC-4 Pacifi:cC&st”

betwee~U~.and
Alasks!=,

5 types I 6!E@&

!hmberof
icing
mcounters

319

83

58

79

83

622

,. .-
,.. .-
,.

W

i

.-
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Airroutescoveredby survey.- Alltheicingdatawerecollectedw alongtheairroutesflownby thefiveairlinesQ,Soutlinedinfigure6.
TheUnitedStateswascoveredby a transcontinentalaiiroutefromNew
Yorkto SsnFrsncisco,by EastCoastroutesfromMiamitonorthernMainej
andby a WestCoastroutefromLosAngelesto Seattle.A limitedamount
ofdatawasobtainedfroma trsnsconttientalrouteacrosssouthernCanada
smdfroma PacificCoastroutetoAlaskafromSeattle.Theairroute
acrosstheUnitedStates,whichwasalsosurveyedthepreviousseason

w (ref.2),supplieddatafromtheGreatLakessreaandovertheCentral
~ RockyMountains.

Thefrequencyof occurrenceof’icingwithrespecttoparticular
areasorroutescouldnotbe determinedatthetimeofthissnalysisbe-
causethesmountoftotalflyingtimewithmeter-equippedaticraftover
SZIYparticularareaorroute,forthe,periodofthesurvey>
Sincetheinstrumentedaircraftwerenotgenerallyconfined
route,thedatareceivedfroma particularaircr~ didnot
frequencyof icingfora givenroute.

HorizontalExtentof IcingClouds

wasnotknown.
to anyone
representthe

Prolongedperiodsin icingconditionsevenat lowratesof accumula-*
tioncanproduceadverse.effectson aircrsftperformance.Certainun-
protectedaircraftcomponentswhichcentoleratesmallaccumulationsof

9 icearehamperedby largeaccretionsresultingfromextensiveicingperi-
ods. Hence,thehorizontalextentof an icingencounterisofparticular
significanceinevaluatingicingconditions.Theextentof icingduring
airlineoperationsisusuallymeasuredduringstraight-lineflightjal-
thoughsomeencountersmaybe prolongedbecauseofholdingorfollowing
someothertraffic-controlprocedurewithinen icingarea.Thedistance
betweenscheduledstopsinfluencestheextentof icingmeasuredby some
airlines,particularlythosewithshortroutes.

A studyofthefilmrecordsshowedthatalmostone-halfthepro-
longedicingencounterscontainintermittentperiodsduringwhichice
doesnotformindicatingbrokenicing-cloudfor=tions.Conditionsof
continuousiceaccretionoverappreciabledistanceswereratherinfre-
quentandusuallywereassociatedwithsevereicingconditions.In cases
ofprolongednoni.cingperiods,morethanoneicingencounterwaslogged
duringtheflightsince,asdiscussedpreviously,themeterstoppedafter
a periodofnonicingexcee~ing15minutes.

Thehorizontalextentof icingencountersistabulatedintablesI
and11. A cumulativefrequencycurveplottedfromthesevalues(fig.7)
showsthatabout10percentoftheencountersextendedlZOmilesormre

s andthatthegreatestdistanceinanicingencount=was430miles.over
400separateencountersfromalltheairroutessurveyedduringtheseason
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areincludedinthisplot. Thedataincludethe&nco—&tersrecordeddur:,
ingclimbanddescentaswellasat cruisingaltiude%and,therefore;

I_definetheextentof icingencountersasexperiencedduringroutineair.
lineoperatingproced~es. i +:. . -:. :.

Thenumberoficingincidents(periods.of cofitiriuousiceaccretion)~~
withinmy encounteristabulatedintableSI and!IIiOverone-halfthe
encountersweresingleicingincidents(continuousd~ing entireencoun-“
ter). Onlya verysmallpercentageof theencoun@rs-containedfouror
moreicingincidentsas shownonthegraph.infig~~e.3.Themtiiununnum-.
berof icingincidentsperencounterwasobtained~fiorn”thePacificCoakt
routetoAlaskawhere10 incidentswerereccrrded&er a distanceof147
milesinonecaseandovera distanceof 213mile~,in”.another.

Thelongesticingincidentwithineachenco~ter”..isalsotabulated
intablesI and11. The.maximumextentof continuous”-icingmeasuredwas~~
IZ4miles,whereas90percentofthelongestinci~.entswithineachencoun-
terwerelessthan50miles.Thesedataareplot~edasa cumulative
frequencycurveinfigure9. .—.,.

l,:

Theexistenceofnonicingperiodswithinsn&co&itershowsthat ‘“
continuousicingprotectionmaynotbe neededduring& entireencounter.
Inmanycases,theextentof icingindiscontinuo~scl+mdsi.sless$h&
one-halfthetotalextentof theencounter---Thellengthsofeachindivid-
ualicingincidentwithineachencounterwereaddddtogether&d tabulated
astotalhorizontaldistancein icingforeachencounter.(tablesI and11).
Thesedata,plottedas a cumulativefrequencycur$einfigure10,show “
that90percentofthecombinedicingincidentsextendedlessthan70‘- ,,
mileswhereas90percentof thefullencounters(~ncliidifignonicingperi-
ods)extendedlessthsm120miles(fig.7).

VerticalExtentofIci.iigClouds: .-—.-

About40percentof theencounterswererecorded-duringeitherclimb
or descent,thusprovidinga substsxrtialquantity~ofbta forevaluation,. ...
of thethicknessof icingcloudlayers.PoS”5ible‘pw6irs in the int&r-
pretationof thesedatawerediscussedintheANALAXH%OFDATAsection.

.

Dependingontheoperationof themeter,thedata~er<gouped.forsingle
ormultiplecloudlayers.A multiple-layercloudystemwasinterpreted

ifromthe.filmrecordwhena periodofnonic3.ngexi,te~foratleast1
minutewhiletheaircraftwaschangingaltitude.

=
~is method-doesnot

establishtheactualexistenceofmultiplelayersputratherseparates
intermittentconditionsfromcontinuousperiodsof!ic<accretionduring” .

climbordescent. ——. ,. *;—

Theverticalextentof icingcloudsobtained~rornthesedataIs
plottedinfigure11. ..%-The.msximummultiple-cloud@ichess meapuredwas ~~ ..,-.

— ‘..— ,
.—

,.
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10)800feetcomparedwithonly4000feetmeasuredduringtheearlypart
w,, ofthestatisticalproqsm(ref.2). The10)800-footdescent(lZj800to

2000feetovertheEastCoastU. S.)appearedtohe cmnposedofthree
layersof ichg cloudsinwhichicingwasmeasuredduring44percentof
thedescent.Themsxtiumthicknesaof sin@elayersmasured5500feet.
ThecloudthicknessesforalJs~e andmultiplelayersflownthrough
didnotexceed4500feetfor90percentofthecltibsanddescents.It
isofInteresttonotethatabouttwo-thirdsofthedataprovidhgcloud
thicknessmeasurementswereobtainedduringdescentad onlyaboutone-

W0 thirdduringclimb.Thistidicatesthat,operationally,icingcanbe
P+ morereadilyavoidedduringclimb,prolablybecausepreflightbriefing

permitsa choiceofflightpathwhichwouldinmanycasesavoidflight
througha cloudlayer.

Altitude’RangeofSurvey

Theairlineaircraftcollectingtheicingdataoperatedovera rsmge
of altitude,determinedby thetypeofaircrtit,thedistancebetween
stops,andtheme of terrainoverwhichtheflightswereconducted.
Theamountofflighttimeat variousaltitudescouldnotbe obtainedfor
thepresentdataand,therefore>thefrequencyofoccurrenceof icing
withrespectto altitudecouldnotbe determined.Icingwasenmuntered. at altitudesrangingRrom1500to22)000feet,whereasthemostfrequent
cruisingaltitudewas10)000feet.Becauseofthesmallsmountof time

. athigheraltitudes,only5 percentoftheicingwasencounteredatalti-
tudesover15jO00feet. UnitedAirLines’flightsacrosstheUnited
StatesandalongtheWestCoastencounteredicingpredominantlybetween
5000and8000feetad alsobetwe=lljOOOand14)000feet.Mostof
EasternAirLines’icingdatawereobtainedabove12)000feet,whereas
NortheastAirlines’icingencounterswereall.obtatnedbelow80GQfeet.
ThePacificCoastroutetoAlaskaprotidedicingdataataltitudesbe-
tween8000and13jO00feet.

Temperatureof IlcingClouds

Thetemperatureof.icingcloudsi.sa primefactorinestablishing
thesmountofheatrequired$oricepreventionorremovalinthermal
protectionsyst-s. Thetemperaturedatafromthissurveyareincluded
to addto thepublishedresearchinformation(ref.1) ontemperaturesof
icingclouds.In evaluatingthedatait shouldberealizedthatthe
conventionalaircrafttemperatureindicatorfromwhichthepresentdata
wereobtainedhaslimitedaccuracy,psrticulszlyinicingclouds.The

* accuracyof thetemperatureobservationwasindicatedby thefactthat
whenthefrequencyof thetemperaturevalueswastabulatedin1°C in-
crementsthereadingspeakedatvaluesof0°)-5°)-10°2amd-15°C. Thex scale.ofthetemperatureindicatoronmostaircraftcm be readconven-
ientlyonlyto thenearest5° C increment,andthevaluesbetweensre
approximateens.
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In calculatingthetruecloudtemperatures~rom’theindicatedvaluea,“-
a correctionforthekinetictemperaturer$sein!satfiatedairas a func~-
tionof airspeedandaltitudewasapplied...A re~ve~yfactorof85per- ““
centfortheprobewasusedbasedon a flightcalibr~tionindryairof
an atilinetemperatureinstallation.A cumulativefrequencycurveof-
thecorrecteddata(t~bleI andotierflightcrm~ob,~ervations)plotted“,
infigure12 showsthat90percentofthetemperatureobservationswere .“”
above-E” C (+5°F) andthatthelowesttemperatemeasuredinicing ““”
cloudswas-27”oC (-17°F),whichisaboutequiv~enttothelowesttern-‘--
peraturepreviouslyreported(ref.1).

L
Figure12in&ludes380tempera-

tureobservationsfromalltheairroutes.Tempe,at~esobtainedacross~
southernCanadaandtiomthePacificCoastrouteto~-askaweregenerally
lowerthanthosefromthemoresouthernlatitudes!withinthesamealti-
tuderange. I :- ---

l—
-; -.—

Icingcloudtemperaturesasa functionofpr&ss@ealtitudeare
showninfigure13. Inthisplot,theaver-&ete~peratureswerecomputed
foreach1000-footincrementof altitude.Thewiheipreadoftempera;
turesforthealtitudersngecoveredby theprese&rataisoutlinedby “
theshadedareaonthefigure.Fordataobtained~dm~climbingand
descending,thetemperaturereadingswereassumedlto~etakenatthe . ..
altitudewhereicingwasfirstencountered.A ratherconsistentdropin
theaveragetemperatureswithincreasingaltitude~is.~oted,althoughthere
wasconsiderablescatterbecauseofthefewobservationsavailableat--
altitudesgreaterthan15)000feet. Temperatures~fromprevioutiresearch,,
data(ref.1) alsoplottedinfigure13 showratherg~odagreementwiih
thepresentdatabelowIZ,000feet,butareover6°C..lowerataltitudes
greaterthan1.2)000feet. Thelarge&lfferences)\_paf?cularlyathig~er‘“”
altitudes,maybe attributedto climaticconditio~s.Mostof thedataat’
altitudesabove12)000feetwereobtainedfromsoutheasternUnitedStatesj-
whereasa largepartbelow8000feetwereobtain~fromnortheastern
UnitedStates.Mostofthetemperaturesfromthe\rnidZlealtitudeswere “ ‘
measuredoverthecentralrouteacrosstheUnited,Sta-tes.

Icing-Rq.teMeasurementsI :: -==-*..——1, ——
Theintensityof theicingencountersisdef~d-_inthisreportas

therateof iceaccumulationontheicing-ratemeterfirobe.Theicing
ratewasalsousedtocalculatetheapproximatel~quid-Watercontentof
theicingclouds.Notalltheicing-ratevaluesindicatedby themete-rs
canbe consideredreliable,however,becaus”einco~letefreezingorrun-
offeffectswereexperiencedby theprobeat C1OU

3
temperaturesabove._

-no c. Unfortunately,about60percentoftheiinguratedatawerewith--
outcorrespondingtemperatureobservationsandthereforecouldnotbe-
evaluatedasbeingwithinoroutsidethereliable~ra.@eofoperationof ‘ ““
theprobe. “1 = . ..’!- -“--::

i —.>
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Theicing-ratedatawithassociatedtemperatureobservationswere* usedto determinetheintensityoftheencount~s.Theramgeof icing
ratesconsideredreliableis showninfigure14asa functionof cloud
temp=ature(discussedintheappendix).Thiscurveshows,forexample,
thatat -6°C (21°F) icingratesupto5 inchesperhourarewithinthe
calibrationaccuracyjbutbeyondthisraterun-offoccursandthedata
becomeunreliable.To determinethefrequencyof occurrenceofreliable
icingratesaswellasthosebeyondtherangeofthemeter,thedatawere
plottedon a cumulativefrequencybasiswithrespectto totaltimein
icingconditions.As explainedinthesectionANALYSISOFDATA,the
averageicingratewascomputedforeachl-minuteperiod.Thisgave
approximately1400minutesof icing-ratemeasurementswithknowncloud
temperatures.Figure15 isa plotof thesedatagroupedaccordingto
temperatureintervalsandconsideredon a cumulativebasisusingicing
ratesequalto orexceeding1 inchperhour. Thetemperaturegrouping
allowsextrapolationsoftheicing-ratedatabeyondthereliablelimits.
Theextrapolationsarebasedontheslopeofthecurveforthelowtem-
peratureswhichiswelldefinedwithinthereliablelimits.Thesedata
canbe representedby a straightlineon semilogpaper.Thesolidlines
extendto thelimitsofreliablemeasurements,whereasthedashedUnes
areextrapolationsbeyondtheselimits.Figure15 indicatesthatthe
frequencyofgivenicingratesincreaseswithtemperature.Thisgreater
frequencyresultsfromthegreateramountofflyingtimeinicingatthe
highertemperatures(80percentof theencounterswereabove-I-l”C, fig.
Iz). Thefactthatallthelineshavethesameslopewouldindicatethat
thereisno dependenceof icingrateon cloudtemperatures;thismaynot
be quitetrueforallicingconditions.

Liquid-Water-ContentCalculations

Av=age valuesof liquid-watercontentforeachl-minuteincrement
of icingwerecomputedfromthecorrespondingicing-ratevalues.The
resultswereconsideredreliableorunreliableas establishedby the
icing-ratedataandareplottedinfigure16forthesametemperature
intervalsasusedforicingrates.Thesolidlinesarewithinthereli-
ablerangeandthedashedlinesrepresentextrapolationsbeyondtherun-
offlimits.Thegreaterfrequencyofhigherwatercontentsassociated
withhightemperaturesisalsoevidentinthisfigure.Inthetemperate
intervalfrom,-2°to -4°C, about10percentof allthedataexceeded0.5
grsmpercubicmeter;lessthan6 percentofallthedataexceededthis
valueattemperaturesbelow-10°C. An extrapolationof thedatainthe
temperatureintervalfrom-2° to -4°C showsthat1.0grampercubicmeter
or greaterexistsforonly2 minutesof every1(XIminutesin icing.

A frequencydistributionof Uquid-watercontentforalltempera-
turescanbe obtainedby totalingthereliableandextrapolatedfrequen-
ciesoffigure16. Thedatainthetemperatureintervalsoffigure16
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—.
srecombinedintothesolidlineshowninfigure~17.~Onlyliquid-water

--, ,,

contentsgreaterthan0.1grampercubicn@er w~reconsidered.This
figureshows,forexample,thattheliquid-watercontentisgreaterthem’;”

-..
1=1.0grampercubicmeterfor7 minutesoutof evqry100minutesin idng”

.-

conditions.Thetotaldataobtainedfrom-theme~ers—includi~’thosein-.
theunreliablerangearealsoplotted.onthisfi@re~ Thesedataind~-
catethatthemetersgavesomewhathighervalueslin&heunreliablerange:
at liquid-watercontentsupto’about0.9@am pe?$cubicmeterandthen “

----

droppedoffrapidlyastheinterceptedwaterran~off-”-theice-sensing-”‘“
probe.Thiscomparisonindicatesthatall”themes’,suTements(reliable-and‘
wu?eliable)treatedasa grouparewithin-1-15peyceg~oftheprob,able “. ,.
valuesup to1.0gramyercubicmeter. ) .. —.-. ,,—.-

ThewatercontentsmeasuredduringairlineOperationweresltghtly
lowerthanpreviouslypublisheddatafromratati~rnulticylinderstaken
in cumuluscloudsbutareconsiderablyhigherthy s~milarmeasureme~ts
takenin layer-typeclouds(refs.5 to 8). Theseco~aisonsarealio ‘-
plottedonfigure17. Whereas1 percentoftheliqu’~d-watercontentiof
thepresentdataprobablyexceeded1.6gr~s per~cub~~meter,thesa& ;;
amountfromtheesrlierdataexceededonly0.7grsmpercubicmeteri-n

-...

layer-typeclouds.A distinctionbetweencloud@_pe~wasnotpossible
fromtheairlineobservations}althoughit-would~be~easonabletoassuine:
thatmostoftherecordscamefromlayer-typeclouds;-consideringoper-
ationalprocedures,timeoftheyear,andtheareasoverwhichthedata
weretaken.Thedurationof theencounterswouldf~therindicatea’~re-
dominanceofdatafromlayer-typeclouds.‘“Thed~ferenceofmeasuring
methodsusedtoobtainthesedataandthoseprev~ousl.ypublishedmaybe
responsibleforthedifferencesinthedataresults---Theici?w-ratemeter
dat~s.recontinuousforementireicingconditio~an~-gfvean~verage”’

...———

forl-minuteintervals,whereasthemulticylinde~me~hodonlyssmpledthe - “---
..

cloudsat certaintimesandgavean averagevalu~overintervalsoffrom”‘- -
3 to5 minutes.Also,aspointedoutIn.thepreviou~sectionANALYSIS

—-—.:.. .

OFDATAthemeterindicatedhigherliquid-water~ont~ntsthanthosesi- ‘“” .-=
multaneouslymeasuredwithmulticylinders-jnnonqnifo.rmicingclouds. — —

.; G
Therelationof avers.geliquid-watercontentto-thehorizontalextent . ~

~..

of icingcloudsinanencounter(neglectingnoni~ing-periods)wasstudied
usingallthedataregardlessofthereliability~ofthemeasurements. n

Foraverageliquid-watercontentsupto 0.7gr~lyer”~cgbicmete”rjno=par- ‘u
ticulervariationwiththeextentofici~–cloudswagevident-within,,_= ~
distancesof about80miles.At distancesgreater.t~a.80miles,however, ~+
averageliquid-watercontentdecreasedwithincr@asi~gextentandonly —
0.3grampercubicmeteror lessexistedindist~ce=exceeding160rnile~. =
Thegreatestextentof icingcloudsmeas~~ingaboveQ..7grsmpercubfi “- ‘-
meterwas90miles,and90percentofthes,ehigh~rl~quid-watercontents” “-“’
wereinicingcloudsextendinglessthan50miles.&

;, . >—
—___ ........~-..:.,....,,.,.< A

““t-
.=-
.;
~
.:.. .
3.,

I —— .=
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Theicing-raterecordsindicatedconsiderablevariationof l.iquid-W watercontentaccompanyingmanyoftheintermittenticingconditions.
Averagevaluesof icingrateforcompleteencofitersjexcludingperiods
ofnonicingwhichexceeded1 minute,aretabulatedintablesI andII.
Theaverageliquid-watercontentwasdeterminedforthelongestcontin-
uousincidentselectedfromtheintermittentcontlltionsineachencoun-
ter. Thesevalues,alsotabulatedintablesI snd11,arein somecases
about0.2grampercubicmeterhigherthantheaveragefortheentire

CN encounter.
g

Liquid--water

TotalIceAccumulation

contentsndextentoftheicing‘clo.tidsdeterminesthe
totalthicknessof icecollected’onaircrafttiompphent~excludi~
collection-efficiencyeffects.Thetotaliiethj.ckne~sisdeftnedasthe
thicknesscalculatedto accumulateonthesensin#jprobeifitwasnot
de-icedperiodica.lly.Thiscanbe consideredasthelargestthickness
thatanycomponentcollectsbecauseof thehighcollectionefficiencyof
theprobe.Thisvalueis consideredtopartiallymeasuretheseverity
of anicingcondit~on
statisticaldata.

%
An icethickness

probewasobtainedby
(in./min)measuredby
wascomputedforeach

sadisusedasa basisforcomparisonof the
!,

i

thatwouldhypotheticallycollectonthesensing
totalingthel-minuteperiodsof icingrate
theprobeduringeachencounter;Theicethickness
encounterandistabulatedintables’IandII. A

cumulativefrequencycurveofthesevaluesusingallthedatacollected
fromthemetersisplottedinfigure18.‘Thisplotshowsthatabout93
percentofthedataarefromicingencounterswhere2 inchesor lessof
icewouldhaveaccumulatedontheprobe.Conditionsyiel~ upto this
smountof icewerecalled“traceto lighticingllby theflightcrews,
dependinguponthecloudtemperatureandthetypeof aircrtit.Cloud
temperaturecaninfluencethetypeof iceformationwithequivalenttotal.
accretions,creatingmoreadverseconditions(mushroom-typeice)athigher
temperatures.Hypotheticaliceaccumulationsgreaterthan2 inches(7
percentoftheencounters)weregenerallycalled“moderateicing”by the
flightcrews.Moderateicingcausedlossesof sirspeedupto 25miles
pechourorrequiredanincreasein enginepower.Them-mum accretion
calculatedwas6 inchesof ice,whichwascollectedovera distanceof.
151milesinonecaseandI-58milesin&othercase. -

..

A close~eement is showninfig~e 18betweenthelimitedquantity
ofpreliminarydataobtainedduring1950and1951(ref.2) andthemore

● extensivedatacollectedduring1951and1952. Theinformationof this
reportis almost10timesthevolumeof theearlier.,data.Thesimilarity
ofdatafromthetwoseasonsmaybe explainedby thefactthat55percent:
ofthedataofthisreportwereobtainedfromsimilartransconttiental
DC-4operationsfromwhichallthepreviousdatawereobtained.
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SUMMARYOFR&ULTS ! >
i:

Thisreportsummar
L

izesthestatisticalicingda& collectedfrom–-
,,

scheduledairlineflightsoverUnitedStatesand anfiianairro,ut~s~orn
November1951toJune1952.Thefollowingsignifj.ca& informationwas ,.
provided: -.

(1)Almostone-halfofover600separateici& &counterslogged“’~y‘
,..

theairlineaircraftwereintermittentictngcondtionswhereseveral,+ -.nonicingperiodsduringanencounterindicatedbrokenicloudcondition:.‘

(2)About10percent-oftheencountersexceeded120milesinhori-
zontalextent,withoneencountez.reachinga &l.st&ce._of430miles.Dis-
tancesinwhichicingwascontinuous,however’,didnotexceed124miles,
and90percentoftheseunbrokenconditionsexte~.edlessthan50 miles.
Thesemeasurementswereinfluencedby thedistsmc~be&een scheduledstops.-
andby otherflightprocedureswhichvariedamonglthe_airlinescollecting
data. ..- .-.

(3)Theverticalextentof icina-cloudlavm~measuredduriti’roit”ine. . . .
cliuibsanddescentsgavemsximumcloudthicknesse~of””10)8G0feet-for’—

——. . ..

multiplelayerssmd5500feetforsinglela”yers.
-;

~About90percentof-all’:
theverticalcloudtraverseswerelessthan4500f’eet;

—-.
—— .— .-

(4)Almost90percentof thetemperaturesobs’erv~inicingwere”
above-15°C (+5°F),andthelowesttemperatureo}ser-vedwas-27°C
(-17°F).

,-,: -.

(5)Liquid-watercontentscomputedfromicing~-ra~emeasurements
exceeded1.0grampercubicmeterfor7 minutesout of–every100minutes
in icingconditions.Thetotalfrequencydistribution-ofwatercontents
at alltemperatureswasobtainedby extrapolationbft~.edataintothe
unreliablerawe oftheicing-ratemeter.Thesedbta~e lowerthan ‘=

c-
.

S -
,i -.—. +

,,.-

,,

previouslypubiishedinforma~ionobtainedin cumuluscloudsbutconsider-
ablyhigherthanearlierdatatakeninlayer-me clou–~s.

I
Forhorizontal

distancesexceeding160miles,liquid-water..conteru}s{veraged0.3graII.-
.=

— -. ,;=
percubicmeteror less. .1= — ..

(6)Totaliceaccumulation)definedastheth~ck&ssoftheicec&l-
culatedto collecton theice-sensingprobeif coninu!msicingwasper-

t-mitted,wascomputedtobe 2 inchesor less-for93pe~entoftheencoun-
ters. Themaximumaccumulationwas6 inchesof ic$ca~culatedfor%
encountersextendingabout150miles. l.. = .;—

LewisFlightPropulsionLaboratory I ...

NationalAdvisoryCommitteeforAeronautics~ z
Cleveland,Ohio,July6,1955

,_ .

.

,r- .

. --—-

::. . . . :

:; . ..-

!?-,:=

E“.-

,.1.
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APPENDIX- CALIBRATIONOFICE-SENSINGPROBE

Therateof icingindicatedby theice-sensingprobe
pressedby therelation .

R
(3
=—x60

where

R /icingrate,in.hr

T icethickness,in.

canbe ex-

P icingperiod,or.heat-offtime,requiredto accumulateicetothick-
nessT, min

Theicingperiodwasdeterminedby theicethicknessrequiredto
plugthetotal-pressureholes(0.016-in.diam)intheice-sensingelement
(O.l-in.diam)to thepointwherethedifferential-pressureswitchwould
be actuated(differentialpressureequalto 8 in.ofwater).Theice
accretionsontheprobewereviewedthroughan opticalenlargingsystem
intheIcingResearchTunnelofNACALewislaboratory.Theseobserva-
tionsshowed.thattherequiredicethickness(normallyabout0.020in.
ontheleadingedge)variedwithairvelocity,airtemperature,andrate
of icingontheprobe.Thepossibleeffectsofdropletsizeandaltitude
werenotinvestigated.

A calibrationwasmadeusingthemagnifyingsystemto measurethe
icethicknessanda stopwatchtomeasuretheicingperiod.An accuracy
withinSO percentoftheindicatedicingrateresultedfromthelimited
accuracyofthesemeasurementsatthehighericingrates.Sincethe
icingperiodincreaseswithdecreasingicingrate,betteraccuracywas
possibleatthelowerrates.An icingrateof12 inchesyerhour(icing
periodofabout0.1tin)wasconsideredthereadablelimitofthein-
strument,andvaluesexceedingthismount arenotedinthedatatables
as 12+inchesperhour.

FurtherstudiesweremadeintheIcingResesrchTunnelto determine
theeffectoftheheatoffusionontheiceaccumulatingontheprobe.
Someofthesupercooledwater@inging ontheprobecouldbe seenrun-
ningbackandfailingto freezeto theicesurfacewhenthesurface
temperaturewasapparentlyelevatedto nearthefreezing~ointby the‘
heatreleasedastheimpingingwaterfrozeonthesurface.Thecondi-
tionsforincompletefreezing(run-off)dependuponthea?ibientair
temperature,rateof impingement,airvelocity,andaltitude.Thelimlts
ofairtemperatureandicingratebeyondwhichrun-offoccurredwere
determinedvisuallyandme showninfigure14. Althoughtheice-
sensingprobecontinuesto operateabovetheselimits,theindications
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areerraticsadcannotbe consideredreliable.S~tice-airvelocityand”““”‘
altitudehadlittleeffectoverthersmgecovered!ther~”-offlimit“is~ -“:
showninfigure14asa functionofonlyicingrakeandairtemperature..,.,,_
Intherangeofconditionsinwhichrun-of’~”occur~,t~-edataobtained ‘“
areusefulindefiningthehorizontalandvertica~eaent of icingclouds>
thefrequencyofoccimrenceof icing,andanappr~xi~tionoftheicing
Oeverlty. -. .. ..———

,-
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TABLEII.- MEASUREMENTSONLYOF ICIN13CONDITIONSENCOUNT&ED&W ROUTINEAIRLINE

OPERATIONSFROMNOVEMBER1951~OUGH JkNEi952
—. ~:.-

(a)Transcontlnen Ciric k

Averae
%llqul-

water
centent
forall
iaing
lnOi-_
~ents,–
#cu m.

0.4
.7
,2-
.2 .
.4

.2_,

.7-

::
.4

.1 ‘

.5

.2

.2

.7

.3

.1

.4

::

.6

.6
1.0

:+

.6

::
.2
.3

.2

.5

.2

.4

.1

.2

::
.5
.3

.6

::
.5

1.1

.1

.6

.6

::

.7

.2

.2

.6

~et ~U. .)r>utes

Maximu~con~lnuoua

liqufd-zonta

1
~ ter . ex-
:n- - tent,

J%>; ‘f
.

:0.5; 16
i-7- 6
.2 7

!.2: 14
.4 13:
.2 ; 15
.7 16

40
:: : 13
.,4: 23

!1and-
Korl-
zonta”l
extent
3f en-
soun-
ter,
ml

Numbe
of
icing
inci-
denta
for
en-
coun-
ter

Pressure
altitude,a

ft

Total
horl-
zonta
di.e-
tance
in
ioing
ml

Averag
icing
rate
foral
I.cfng
inci-
dents,
in./hr

Calcu-
lated
total
ice
accumu
latlon
in.

Aver-
age
true
air-
speed
mph

Y
192
231
204
192

230
253
237
254
226

249
230
251
242
!224

213
214
244
1.97
221

225
141
165
184
104

197
2Q9

269
230

230
204
228
174
214

217
221
193
189
212

210
22-7
227
169
162

235
208
231
232
203

228
216
Zi3
198

Aver
age
i.cln
rate

%

4,100
5,000
5,200
8,100

13,400/14,201

15,800
15,C13:$O:,10(

n ,400/10,sol
12,600/11,80(

9,800
8,900
12,600
13,100
12,900

75
6
8

::

15
16
40
21
23

17
50
8
56
56

68

:
20
7

6
26
6
12
12

3

2:
16
50

1%
a

2:

54
29
77
63
26

171
42
151
47
8

1%
12
12
41

:
18
66

30
6
7
27
13

::
40
13
23

H

5:
49

60
4

A
7

8
26
6

::

3

2:
18
50

12
17
8
6
11

14
29

Q
16

151
42
95
41
8

24
76
12

::

8
4

;:-

3.9
7.8
3.7
2.9
4.9

1;::

:::
6.1

1.4
6.6
3.9

1:::

4.5

;::
3.2
1.5”

8.5

J::

::;

7.5
6.1
::.;
4.2

3.2

::;
3.8
l.O

3.5

;::

:::

8.3

;:;
7.2
11.0

2.0

:::

1:::

9.6
3.0
2,7
8.0

6.8
7.8
3.7
2.5
4.9

1:::
6.1
1.9
6.1

1.4
6.4
3.9

1:::

5.0
1.6
5.4

::;

8.5
7.5
10.5
1.6
9.9

7.5

:::
5.9
4.2

3.2

;::

;::

:::
5.9

:::

6.9
4.2,

:;3
.1.0

2.0
‘7.8
9.3

$:;

9.6
3.0
2.7
6:8

0.7
.3
.1

:;

.2

1::
.1
.6

1:;

:$
2.3

“1.3

::
.3
.1

1::
.4
.1
,7

.1

::

1::

.2
,.
.:
.1
.1

:;
2.s
1.8
.4

6.3
.8

2.7
1.7
.6

2::
.5

2::

.3

.1

2::

10,700/5,400
5,400
WKl;

8,S30

6,900
3,600/2,300

3,300
2,700

4,000/2,400

3,700
4,800

7,100/4,900
9,700/7,400
13,300

6,100
8,300/7,100

8,100
5,400/6,000
6,500/5,000

13,500
12,600
13,400
13,400
13,400

12,000
11,000
8,900

6,300/3,200
5,100/6,400

4,200/3,500
4,300
13,000
13,300
3,600

10,300
5,300
6,300
8,100

.4

.1

\:;
,.1

;.6

i::
1.1
.7

[:

k

!2
,5
,2
4
1

2
.,3
45
.5

2:

1:
12

3

1:
18
50

I
.;5
13
:6

1.’0+
42
32
81.1

“=!-

--- —— ,
-,i

.,
%vo altltudes separated by / indicatebeginningan~.endof i+ng ~rlng climbor
descent.
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TABLEII. - Continued.MEASUREMENTSONLYOF ICINGCONDITIONS~COONTETl~DURING

ROUTINRAIRLINE OPERATIONSFROMNOVEM8ER1951THROUGHJIJNE1952

(a)Transcontinentaland PacificCcaat(U.S.) routes- Continued. . .–—, —
Pressure Hori- NumberTotal AverageAverage MaximumcontinuousCalcu- Ave??-
altitude,a Zontalof hcm?l- idng liquld- iclngincident lated

ft.
age

extenticing zontalrate water wLthinencounter total true
of en-Lnci- dls- forall oontent. Ice alr-
coun- dents tance iolng forall Aver-AverageHori- accumu-speed
ter, for In incl- Iolng age liquld-zontallatlon,mph
ml en- iclng,dents, lncl- Icingwater ex- in.

coun- mi In./hr dents, rate,con- tent,
ter ~o. m in. tent, ml

FE= g/cum

9,6~ 82 3 58 0.5 0.6 35
11,500

1.8
1

232
::: ::: .6

z
16 .6 246

6,200/4,7(X2 ;: :; .2
6,300 60 ;

220
41 ::? .4 ::; .4 X

12,3CKl
1::

E 1 15
168

3.4 .2 3.4 .2 15 .3 229

7,17(:,100 55 2 14 .6 .6 10 .5
14

206
1 14 ;:: .2 ::;

9;200
.2 14 .2 2Q8

2 3.6 2.9 .2
$:

30
::

.7
12,400

200
1 3.7 :: 3.7 .2 20 .3

9,30a 161 4
241

111 3.7 .3 4.5 .3 72 2.0 215

4,100 65 1 65 4.5 4.5 .4 65 1.4 m2
5,:y<5&900 9 1 9 6.6 :: 6.6 .6

1 64
177

4.9 .4 4.9 6;
z

1::
9,706/8,300

.4 225
28 6.9 .4 6.9 .4 20 240

9,600/3,9C-3 71 i 42 9.1 .6 9.3 .7 35 1:: 212

7,700/3,600 67 3 28 1.6 .1 1.2 .1 18 .3
6,1W loa 2

212
92 .7 0.3 .7 53

8,300 30
4.4 197

1 30 ::: 2.6 36
12,4043 100

.4 223
4 57 5.1 :: 7.0 ::

.0,200/9,706 19 1
21 1.4 212

19 3.7 .3 3.7 .3 19 .4 227

13,%0 8 1 8 2.2 .2 2.2 .2 6 .2 239
4,400/3,@30 56 2 2.9 .2 2.5 28 .6 198
6,500/1,W 2 1.3 1.5 :;

9,200 1::
163

: 23 2.3 :; .2 :; ::
6,200/2,900 64

227
4 22 3.9 .3 ;:: .3 10 .5 192

5,300 2i 1 21 .1 .1 21 206
7,400/2,300 96” 3 53 ::: .3 ::: .3 40 1:?
14,800 15 1 15

198
6.4 .5 .5 15 .4 220

2,200/1,500 5 1 5 4.5 .5 ::: .5 5 .2 140
1,3Qo/2,900 6 1 8 “7.4 .7 7.4 .7 6 .4 163

5,100/5,800 7 4.6 .4 4.6 .4 .2 221
9,2y/& ,400 69 : 2; 4.2 .3 4.8 , .3 2; ,7

26 1 26
217

6.7 .5 6.7
5:000

.5 26 1.0 197
1 9 6.6 .6 6.8

5,6Q0/7,6J30 2:
9

1 24 10.3 .9 10.3 :; 24 1:$ E:

11,400 25 2 22 10.1 .6 9.2 .7 14 1.0 215
13,700 270 45 4.5 .3 5.6 .4 1.0 225

9,700/7,600 ; 46 7.0 .5 7.7 ;:
lE

1.4 228
9,700 3 31 6.7 :; 23
6,500 75

1.3 231
2 56 5.2 :: ;:: .3 44 1.4 236

13,200 11 u 4.3 .3 .3 11 221
,0,ooo/7,100 : ,49 3.7 .3 :::

::
35 :: 212

9,:&o/@?700 5.7 .4 5.7 ::
23 i X

2Q9
8.9 .6 8.9 z i::

13:600
.6

63 2
227

+8 8.1 .6 7.1 .5 37 1.9 221

5,90a 2$2 1. 22 .4
10,9CKI 31

219
1 31 ;:: .1 2:? :: ;: ::

6,5-CO 4
230

4 9.7 .7 9.7 .7
8,600

226
1 65 9.4 .7 .7 6: 2::

6’,900 Y4
216

2 11 2.2 .2 ::: .2 0 .1 225

5,600/4,100 16 1 16 3.4 ‘ .2 3.4 .2 16 .2 243
4,600/5,CKKl 1 7.0 .6 .6

“37
7 .2

6,400 1
209

3: 9.2 ::: .7 37 1.7 202
4,600/3,700 16 1 16 5.7 :: 5.7 .5 16 .5 189

‘Twoaltitudesseparatedby / Indicatebeglnnlngand endof icingduringclimbor
descent.
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TABLEII.- Continued.MEASUREMENTSONLYOF ICINGCONDIkONS*ENCOUNTEREDDURING
● -

.

ROUTINEAIRLINEOPERATIONSFROMNOV3M8EE1951THkOU-GH%UNE1952
—.. ~;.. —

24

1= ,* ,,. ...
(a) Transcontinental and PaoifiaCoast U.S.)roQtes- Concluded I ..s.I

Maximum’ cont%uoue
icingInoident
within~noounter

esaure
tltucle, a
ft

10ri-
zonta:
sxtent
Ifen.
:oun-
;er,
ml

Wmbez
)f
icing
Lnci-
lents
?or
;n-
:cun-
;er

Total
hori-
zonta
lis-
tance
in
icing
ml

!veragf
Loing
?ate
~oral:
icing
lnoi-
lent~,
in./hr

Iverag,
Liquid
Vater
:onten
?oral:
king
Lncl-
ients,,
Ucu m

Calcu-
lated
total
ice
acoumu
lation

in.

Lver.
lge
;rue
lir-
3peet
mph

30ri-
~onta
Bx-
tent,
ml

Aver
age
icin
rate

*
..

4,200/5,000
7,600/4,000
11,4CK1/5,600
7,700/5,600
6,200/8,400

7

1%
106
17

91
50
39
0
22

46

1:
4
32

:;
14
35
22

89.
25

1;;
61

28

22:
33
11

99
12
23
23
34

53
64
22
3~
8

40

X
20
24

106
~“

136
41

168

::
37

4:
61
23
17

30
28
20

2:

31
4
9
4
25

21
37
14
35
22

::
13
77
61

28
9
35
33
11

99
12
23
11
15

1.2
64
11
30
8

22

:;.
11
24

19
66

11:
37

158

::
37

N’
H
6.8

::;
2.9

:::

:::
7.2
2.0
6.4

:::
3.9
2.7
1.5

3.“7
2.5
7.5
7.5
4.3

5.6

;;:
11.7
9.5

5.2
1.5
1.1
8.1
8.5

;::

;:;
1.9

5.6
12.0

:::
2.3

4.6
4.8
1.6

!::

:::

::;

0.5

::
.4
.6

.4

.3

::
.4

::
.5

:;

.5

.2

.3

.2

.1

.3

.2

.6

.6

.3

.4

:;
.8
.6

.4

.i

.1

.6

.6

.5

.4

.2

::

.4

::
.4
.2

.3

:;

:?

.6

.4

.3

.7

:::

:::
6.8

5.6
4.7
2.1
4.2
4.8

3.8
4.6
7.0
2.0
6.2

7.6
2.5
3.9
2.7
1.5

2::
7.5
7.9
4.3

5.6
3.6
6.6
11.7
9.5

5.2
1.5
1.1
6.1
8.0

5.3
6.3
3.2
3.3
1.9

$::
3.4

“::;

6.2

;:;
6.8
1.5

7.5
5.7
3.0
6.5

0.2
.7

1.6
.8
.7

1.0
.6

:;
.5

.6

.1

.4

.1

.7

.6

:;
.4
.2

1.5

::
2.6
1.2

,8

::
1.8
.5

2.6
.1

::
.6

2:;

::
.1

2::
.4
.3
.2

.5
1.6
.1

3.8
.5

6.5
.3

1.1
1.6

222
216
230
198
174

228

z;
169
217

232
234
186

%

206
247
214
208
220

223
247
190
221
227

209
173
231
219
226

212
236
233
228
224

230
226
167
227
231

221
215
184
170
237

227
233
138
204
22Q

198
215
226
203

,1
1

:
1

3

:
1
1

3“

;
1
2

2
1
1
1
1

1

i
2
1

1
1

.:
1

:

.:“
.2

2
1
2
2
1

3

i
2
1

2
2
1
3
2

2
1

:

4:

:!
17

19

::

2:

19
4
6

1:

i?
14
35
22

09
25
13
66
61

28

:

::

99

E
8
7

.8
64

1:
8

11

%

2:

15
54
9

.:;

102
11

E

10,900/’8,300
8,300/6,500

8,5CKI
9,300
11,200

.. . ..— —

11,000
7,200

6,900/4,500
10,600

5,400/4,800

4,800/8,400
14,700

3,7~/2b800

3:600

7,600
12;200

Lo,200/11,50(
6,400/8,600
12,300/11,20(

LO,200/9,100
7,300/6,600
13,100

8,300/8;700
s,7M@ ,300

● ’. .-

6,~O~~S60i3.. .
7:100,

LO.600fll,20C

,—!

-11,200
11,200

.7,000/3,700
6,100/4,200
13,40b
11,90CJ

ll,9ao
,!10,400
J.j100/10j20C
.0,900/9,600

13,400

u ,207)
12,200

1,600/1,500
4,000/8,500
8,500’ 1

~,
,.

,.

L: -... ‘---
1,800/6,000
6,200/5,200
11,000

7,100/8,100 ,; .

%WO altitudes6eparatedby / indicatebeginningand end of icingduringclimbOr
descent.

-. .-
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TABLEII. - Continued.NEASUSEMENTSONLYOF ICINGCONDITIONSSNCOONTERKODURING

ROUTINSAIRIJNS OPERATIONSFROMNOVEK6ER1951THROUGHJUNE1952

(b)Ea8tCaast[U.S.\routas,—, ——_- .- —_- ,. .-.,

pressure Horl- NumberTotal AverageAverage Maximumcontlnucm calcu- Aver-
tititude,a zontal of horl - Icing

i-t
liquLCi- Icing incident leted age

extent lclng zontal rate water wlthln encounter total true
of en- inci- dis- for all content ice alr-
m3un- denta tance Icing for all Aver- Average Horl- acOumu - speed,
ter, for In lncl- Iclng age llquid- zontal la~, mph
mi en- icing,dents, lncl- Icingwater ex-

cOun- ml in./hr dents, rate, oon- tent, “
ter ~c. m in. tent, ml

Iii=~cu m

14,400 23 1 23 4.5 0.3 4.5 0.3 23 0.4 280
14,700 204 5 155 3.8 .2 4.0 .2 119 2.0 298
4,1W 5 1 5 .7 5 .2 262
4,200 4 1 4 1::: 2:; :: 193
3,sCKl 21 1 21 2.1 :; 2.1 .1 2: :: 265

17,600 150 3 60 1.5 .1 1.5 .1 40 .3 301
2,6rX3/1,200 5 1 5 1.7 .2 .2 5 .1 156

1,7C0 1 ::;
3,400/2,8W 2:

3.7 .4 .4
1 2$

.1 150
.5 7.6 .5 2: .9 165

6,%0/3,800 39 3 32 ;:; .1 1.5 .1 5 .4 “213

13,300~0,300 180 4 35 4.4 .2 2.9 .2 20 300
4,400/4,000

16; “
9 2.5 .2 2.5 .2 9 :2 130

13,800 i 4.6 .4 7.2 .4 10 299
13,800 260 5 1% 3.4 .3 4.4 .3 56 1:: 279
4,KX3 4 1 4 9.0 .6 9.0 .6 4 .2 219

4,000 4 1 6.0 .5 6.0 .5 .1 225
L7,3W/14,400 20 1 ‘J .3 .3 $ 305
7,600/5,~0 43 1 43 ::: .3
13,80+)

::: .3 43 ::
2

256
24 .4

13,800
.1 1.1 .1 19 .1

::
283

4 27 .9 .1 .9 .1 13 .1 268

15,400 23 2. 19 .5 .1
14,6CX3

.1 9 .1 260
112 5 58 1.2 .1 ::: .2 17 250

21,900 131 3 74 .1 2.0 .1 63 :: 315
14,0Ca 51 2 34 ::: 4.2 Xl .5 255
15,700 5 1 5 6.2 :: 6.2 :: 5 .1 284

L1,;~{l&,700 40 3 24 2.3 .2 5.5 .2
2

241
1.4 .1- 1.4 :: X

10:6CKI 2::
.1

6 1% 3.1 .2 .1 %
L1,400/14,5X) 175 7 S3 4.3 .2 ;:: .2 2: ;:: 276

14,50Q 14 14 9.3 .5 14 .5 262
5,cQo/4,700 31. i 31 ;:: :: 5.5 .3 31 .7 265

(c)Northeastern(U.S.) routes

5,900 7 12+ 0.9+ 12+ 0.9+ 0.4 217
5,3CX3 : i 5 2.1 .1 2.1 .1 : .1
5,300 71 71 3.7 .3 .3 1.3 ;%

4,400/2,5@J 97 : 46 3.3 .2 ::; .4 ;; 207
3,4CX3 22 2 11 2.1 .2 1.6 .2 8 :! 167

2,500/2,cnJo 16 1 .6 16 .7 158
2,600/4,7CQ 19 1 :: ::? .5 ::: :: 19 164
4,6~0/&700 103 4 79 3.3 .3 2.8 .3 35 1:: 163

6 1 6 3.0 .3
1,706/2,400

.3 6
5

.2
1

122
5 4.1 .5 ::: .5 5 .1 159

“IWOaltitudesseparatedby I indicatebeginningand endof icingduringclimbor
descent.
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TA8LEII.- Conoluded.NXASUFEMENTSONLYOF ICIWQCONDITIONS

ROUTINEAIRLINEOPERATIONSFROMNOVEM8ER1951THROUGH

ENC-tiTEREDDURING

JU?&1952

—+
---

)TranscontinentalCanda r&uteB

Ma,@mumconl
iaingincidf
withinenco~

Aver-Averagt
age._liquid.
icingwater
rate,con-

‘i%-$~’m

12+’ 1.1+
12.0 1.1
1.4
2.5- ::
4.3 .4

2.6
5.5 ::

.1
::.7
6.T” ::

5.$ ::
5.0
3.9 .2

(
-
kver.
3ge
true
iir-
3pee(
mphTTotalAverag(lori- icing

:ontalrat=
lis- forall
;anceicing
n incl-
.cing,dents,
ml In./hr

Pressure Hori- Number
altitude,a zontal of

ft extent iolng
of en- incl-
cOun- dente
ter, for
.1 en--

coun-
ter

Average
liquld.
water
oontent
forall
icing
inci-
dents,
.g/cum i

.nuo@’Calcu-
lt -, lated
~ter._total

10e
Hori.-accumu
zontallation
-: In.

:::?m +-k-4 12+
3 12.0

: ;::
11 4.8

17
:::

2: 1.8
3.7

:: 7.0

1.1+
1.1

::
.4

,1
.5 :
J ..
.2
.5

::
.2.

181
174
206
271
227

239
193
203
249
2Q8

187
225
224

.2
z .1

.1
1;” .2

.5,600/9,100 52 3
12,700 4

,3,000/%,9oil :$- ;
16,500 1
8,300 55 2

?0.

I

4.6
19 4.5
19 3.9 Ml

(e)PacificCoastroute: Seattle,Washi ton to
-
0.2
.2
.1

:;

.4

.2

.1

:;

.3

:;

::

.1

.3

.1

.1

.1

.1

.1

.1

.2

.3

.2

.2

.2

-m
:::
2.3
1‘?
4.f$
2.!2
1.3
1.0
l.g

4.2
1.7
7.5

::1

;“$
1:6

::;

1.4-
1.2
l.?

::;

2.1
2.5,
2.0

0.8

::
.2
.1

.3

:;
.1
.8

1.2
.1

:;
.3

.7

.4

.1

.1

.1

.1

.4

.1

.3

.3

::
.2

0,700/11,80(
I-3,300
13.000

183

1%
21
29

55

g

147

57
1s

1:
13

213

::
4
7

3“
157

::
74

7
48
21

2.6 0.2
2.5 .2

- 1.6
2.3
1.3

211
211
221
207
218

205
193
215
193
215

201
212
229
233
200

m
224
207

%

197
201
219
204
202

197
204
212

.1

.2

.1

.2

.2”

.1

.1

.1

::
.5

::

.1

:?
.1
.1

.1

::.
.2
.3

.2.

.2

.2

Iiiooo
8,100

8,700
9>300
9,700
12,400
9,600

2.9
2.2

:::
1.8

&
25-
5
79

57
lE

1:
13.

23
15:
l:=.

7.

J:

11

l:-

7
3L”
21

3
5

3,800
0,700/9,800”
10,50J3
12,6(II
9,000

1
1
1
1

4.2
1.7
7.5
1.0

1 3.6

1.3
4.2
1.6

:::

1.4
1.4
1.0
2.6
3.7

2.1
2.3
2.0

10,200
13,000.
9,800
9,800

9,oClo/5,300

1:

1
1
1

5,900/9,200
9,500
9,600
10,500
10,500

1
7
1
3
2

9,600
9,6~”
9,600

al%o altltudee separated by j Indicate beginning and e& of loin’
descent.

~dur~g climb or
—.
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NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

LewisFlightPropulsionLaboratory

21000BrookparkRd.
Cleveland11,Ohio = 1.

ICING DATA SHEET FOR ,STATI,STICAE STUDY OF AIRCRAFT ICING

Please Note.ThesedatasupplementmeasurementsQf rateof icingbeing recordedon film by NACA icing
ratemeterinstslledonthisaircraft. Meterautomaticallystarts uponencounteringicing(recording light)
and stops approximately 15minutesafter md of an icingencctrter(fleshing Il@t). NuT&IcslrSCOKkr
counteridentifiesking encounters on recorder film andtherefore must be entered on this sheet to cor-
relate thesedatawiththefilm records.

I?ill in followinginformati~n whenicingiS●ncountered:
(SpaceonbackforanydetailedcommentssuchasOpersthsnof meter.
type of ice,cloudformations,●ffects on aircrsft, etc.)

REC- 0A7E FLIGHT TIME AT EST’ D ALT. OUTSIDE ES T-D OE-
ORDER ND. START TIME M% A!R ICING ICING

cOUtiT- OF
ER No.

IN ( FEET1 TEMP. If ATEN. EOUIF. eIOORAPNIC LDCATION 0? ICIN6
ICING IcING SITY USED7
( LDCAL) ~ VOR%

C. 818(6/9/52’

I’@ure3.- Sampleof datasheetssuppliedwith each icing-ratemeter film drum to obtain
supplementalicing informationfrom flight crews.
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Icing period, 0.36 min

Altitude reference_ Icing rate, 3.5 in./hr

Figure 4. - Section of
by ati15ne airoraft.
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Figure 9. - Cumulativefrequency of horizontalextent of continuou6
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Figure 12. - Cumulative frequencyof temperatureof icing clouds.
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Figure13. - Variationof icingcloudtemperatureswithpressurealtitude.
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